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P R E DI C TI O N R E Q U E S T 
F O R I C S F- 1 
(htt p ://tti.t a m u. e d u/ c o nf er e n c es/s c ou r/)
A c k n o wl e d g e m e nts 
  T h e c o m mitt e e i n c h ar g e of t his pr e di cti o n e v e nt is c o m p os e d of: 
Bri a u d, J e a n- L o uis ( C h air)      Li, Y a 
C h a n g,  K u a n g- A n     M u ell er,  D a v e  
C h e n,  H.- C.      N urtj a h y o,  Pr a h or o  
Di M a g gi o,  J err y     P a g a n,  J or g e  
Di Milli o,  Al      W a n g,  J u n  
J o n es,  St erli n g      W a n g,  W ei  
M a n y or g a ni z ati o ns h a v e c o ntri b ut e d dir e ctl y or i n dir e ctl y t o m a k e t his pr e di cti o n 
e v e nt p ossi bl e. T h e y ar e all t h a n k e d f or t h eir s u p p ort. 
F e d er al Hi g h w a y A d mi nistr ati o n 
U nit e d St at es G e ol o gi c al S ur v e y 
N ati o n al S ci e n c e F o u n d ati o n 
T e x as Tr a ns p ort ati o n I nstit ut e 
T e x as A & M U ni v ersit y D pt. of Ci vil E n gi n e eri n g 
I nt er n ati o n al S o ci et y f or S oil M e c h a ni cs a n d G e ot e c h ni c al E n gi n e eri n g 
A m eri c a n S o ci et y of Ci vil E n gi n e ers ( A S C E)  
T h e G e o-I nstit ut e of A S C E 
T h e E n vir o n m e nt al & W at er R es o ur c es I nstit ut e of A S C E 
T h e Str u ct ur al E n gi n e eri n g I nstit ut e of A S C E 
T h e C o asts, O c e a ns, P orts, a n d Ri v ers I nstit ut e of A S C E 
  Ot h er i n di vi d u als h a v e w or k e d dili g e ntl y wit h t h e c o m mitt e e a n d m a d e si g nifi c a nt 
ti m e c o ntri b uti o ns. T h e y ar e t h a n k e d f or t h eir s u p p ort. 
K.  V a n  Wils o n     P a ul  H.  R y dl u n d  
J o h n  R e e d      Ri c h ar d  J.  H ui zi n g a  
I C S F- 1
Fi rst I nt e r n ati o n al C o nf e r e n c e o n S c o u r of F o u n d ati o ns 
N o v e m b e r 1 7- 2 0, 2 0 0 2 
T e x as A & M U ni v e rsit y 
C oll e g e St ati o n , T X 7 7 8 4 3- 3 1 3 6,
 
U S A
1 1 2 7
1. I nt r o d u cti o n 
A  pr e di cti o n  e v e nt  is  b ei n g  or g a ni z e d  at  t h e  o c c asi o n  of  t h e  First  I nt er n ati o n al  
C o nf er e n c e  o n  S c o ur  of  F o u n d ati o ns  (I C S F- 1).  T h er e  ar e  t w o  p arts  t o  t his  pr e di cti o n  
r e q u est: fl u m e t ests pr e di cti o n ( 6 c as es) a n d bri d g e sit es pr e di cti o n ( 2 bri d g e sit es). Y o u 
ar e n ot r e q uir e d t o pr e di ct all c as es b ut pr e di cti o ns m ust b e s e nt i n writi n g a c c or di n g t o 
t h e  e n cl os e d  f or m at  ( Att a c h m e nt  I V)  b ef or e  J ul y  1 5,  2 0 0 2.  C o m p aris o ns  b et w e e n  t h e  
m e as ur e m e nts a n d t h e pr e di cti o ns will b e pr es e nt e d at t h e c o nf er e n c e a n d c oll at e d i n a 
s e p ar at e v ol u m e a v ail a bl e at t h e c o nf er e n c e. 
T h e fl u m e t ests pr e di cti o n i n cl u d es si x c as es. T h es e fl u m e t ests will b e p erf or m e d 
d uri n g J ul y a n d A u g ust 2 0 0 2. T h e bri d g e sit es pr e di cti o n i n cl u d es t w o f ull-s c al e bri d g es. 
F or all t h e pr e di cti o n c as es, t h e h y dr o gr a p h is gi v e n as w ell as a v ail a bl e s oil pr o p erti es 
a n d bri d g e pi er g e o m etr y. 
2. Fl u m e T ests P r e di cti o ns 
T h er e ar e 6 fl u m e t est r es ults t o b e pr e di ct e d. T h e fl u m e t est p ar a m et ers ar e list e d 
i n  Att a c h m e nt  I  ( cir c ul ar  pi er  di a m et er,  w at er  v el o cit y,  w at er  d e pt h,  fl u m e  wi dt h),  i n  
Att a c h m e nt  II  ( g e ot e c h ni c al  s oil  pr o p erti es),  a n d  i n  Att a c h m e nt  III  ( er osi o n  s oil  
pr o p erti es).
Fl u m e C as e 1 
D es cri pti o n: 1 6 0  m m  di a m et er  cir c ul ar  pi er  pl a c e d  i n  a  cl e a n  s a n d  d e p osit  a n d  
s u bj e ct e d t o a c o nst a nt v el o cit y o v er a p eri o d of o n e d a y. 
R e q u est:  Pl e as e  p r e di ct  t h e  m a xi m u m  d e pt h  of  t h e  s c o u r  h ol e  i n  fl u m e  t est  1  
aft e r 1 d a y of s c o u ri n g. 
Fl u m e C as e 2 
D es cri pti o n: 1 6 0  m m  di a m et er  cir c ul ar  pi er  pl a c e d  i n  a  cl e a n  s a n d  d e p osit  a n d  
s u bj e ct e d t o a m ulti- v el o cit y h y dr o gr a p h o v er a p eri o d of 4 d a ys. 
R e q u est: Pl e as e p r e di ct t h e m a xi m u m d e pt h of t h e s c o u r h ol e i n fl u m e t est 2 
aft e r 4 d a ys of s c o u ri n g 
Fl u m e C as e 3 
D es cri pti o n: 1 6 0 m m di a m et er cir c ul ar pi er pl a c e d i n a cl a y d e p osit a n d s u bj e ct e d t o a 
c o nst a nt v el o cit y o v er a p eri o d of 3 0 d a ys. 
R e q u est: Pl e as e p r e di ct t h e m a xi m u m d e pt h of t h e s c o u r h ol e i n fl u m e t est 3 
aft e r 3 0 d a ys of s c o u ri n g 
Fl u m e C as e 4 
 
D es cri pti o n: 1 6 0 m m di a m et er cir c ul ar pi er pl a c e d i n a i n a u nif or m cl a y d e p osit a n d 
s u bj e ct e d t o a m ulti- v el o cit y h y dr o gr a p h o v er a p eri o d of 4 d a ys. 
1 1 2 8
R e q u est: Pl e as e p r e di ct t h e m a xi m u m d e pt h of t h e s c o u r h ol e i n fl u m e t est 4 
aft e r 4 d a ys of s c o u ri n g. 
Fl u m e C as e 5 
D es cri pti o n: 1 6 0 m m di a m et er cir c ul ar pi er pl a c e d i n a s a n d o v er cl a y l a y er e d s oil 
a n d s u bj e ct e d t o a c o nst a nt v el o cit y fl o w o v er a p eri o d of 1 0 d a ys. 
R e q u est: Pl e as e p r e di ct t h e m a xi m u m d e pt h of t h e s c o u r h ol e i n fl u m e t est 5 
aft e r 1 0 d a ys of s c o u ri n g. 
Fl u m e C as e 6 
D es cri pti o n: 1 6 0 m m di a m et er cir c ul ar pi er pl a c e d i n a cl a y o v er s a n d l a y er e d s oil 
a n d s u bj e ct e d t o a c o nst a nt v el o cit y fl o w o v er a p eri o d of 1 0 d a ys. 
R e q u est: Pl e as e p r e di ct t h e m a xi m u m d e pt h of t h e s c o u r h ol e i n fl u m e t est 6 
aft e r 1 0 d a ys of s c o u ri n g. 
3. B ri d g e Sit es P r e di cti o ns 
B ri d g e C as e 7 
R e q u est: Pl e as e p r e di ct t h e pi e r s c o u r d e pt h at pi e r 1 1 d u e t o t h e 8/ 3/ 9 3 fl o o d 
e v e nt . D es cri b e t h e pr e di cti o n m et h o d ol o g y us e d. S p e cif y a d diti o n al d at a y o u w o ul d 
r e q uir e t o m a k e a m or e a c c ur at e esti m at e. Gi v e y o ur b est esti m ati o n of t h e c ost f or 
o bt ai ni n g  t h e  a d diti o n al  d at a.  M or e  d et ail e d  i nf or m ati o n  f or  t his  pr e di cti o n  is  
pr es e nt e d i n Att a c h m e nt V.  
B ri d g e C as e 8 
R e q u est: Pl e as e p r e di ct t h e pi e r s c o u r d e pt h at pi e r 1 7 L d u e t o t h e 5/ 1/ 9 1 fl o o d 
e v e nt .  D es cri b e  t h e  pr e di cti o n  m et h o d ol o g y  us e d.  Als o,  pl e as e  p r e di ct  t h e  pi e r  
s c o u r d e pt h t h at w o ul d b e e x p e ct e d at pi e r 1 7 L o v e r t h e n e xt 5 0 y e a rs.  Ass u m e 
t h e r e  will  b e  at  l e ast  o n e  5 0 0- y e a r  fl o o d  d u ri n g  t h at  p e ri o d.  D es cri b e  t h e  
pr e di cti o n m et h o d ol o g y us e d. S p e cif y a d diti o n al d at a y o u w o ul d r e q uir e t o m a k e a 
m or e  a c c ur at e  esti m at e.  Gi v e  y o ur  b est  esti m ati o n  of  t h e  c ost  f or  o bt ai ni n g  t h e  
a d diti o n al  d at a.  M or e  d et ail e d  i nf or m ati o n  f or  t his  pr e di cti o n  is  pr es e nt e d  i n  
Att a c h m e nt VI.  
4. R e q u est e d F o r m at 
 
T h e  p arti ci p a nts  ar e  r e q u est e d  t o  s e n d  t h eir  pr e di cti o ns  i n  t h e  f or m  of  a  s h ort  
p a p er f oll o wi n g t h e A S C E J o ur n al of G e ot e c h ni c al E n gi n e eri n g G ui d eli n es. A n e x a m pl e 
of t his f or m at is att a c h e d i n Att a c h m e nt I V . T h e p a p er m ust i n cl u d e t h e t a bl e b el o w, it 
m ust b e o n 2 1 6 m m x 2 7 9 m m p a p er, t h e t e xt m u st b e si n gl e-s p a c e d, t h e m ar gi ns m u st b e 
2 5 m m all ar o u n d, r ef er e n c es m ust b e gi v e n f or a n y m et h o d us e d, t h e t ot al n u m b er of 
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p a g es m ust b e l ess t h a n or e q u al t o 5 i n cl u di n g fi g ur es, t a bl es a n d r ef er e n c es. Pl e as e gi v e 
y o ur  a ns w er  i n  SI  u nits,  gi v e  t h e  p a p er  a  titl e  wit h  t h e  n a m e  of  t h e  a ut h ors  a n d  t h eir  
a d dr ess, gi v e a n e x pl a n ati o n of h o w t h e pr e di cti o ns w er e r e a c h e d, a d d a n y ot h er us ef ul 
c o m m e nts. T h e s u m m ar y m ust b e pr es e nt e d i n a t a bl e si mil ar t o t h e f oll o wi n g o n e.  
Fl u m e T ests P r e di cti o n 
T est d es c ri pti o n 
M a xi m u m d e pt h of s c o u r h ol e w h e n t h e 
fl u m e t est st o ps 
Fl u m e  c as e  1:  1 6 0  m m  di a m et er  cir c ul ar  
pi er  pl a c e d  i n  cl e a n  s a n d  d e p osit  a n d  
s u bj e ct e d  t o  a  c o nst a nt  v el o cit y  o v er  a  
p eri o d of o n e d a y. 
Fl u m e  c as e  2:  1 6 0  m m  di a m et er  cir c ul ar  
pi er  pl a c e d  i n  a  cl e a n  s a n d  d e p osit  a n d  
s u bj e ct e d  t o  a  m ulti- v el o cit y  h y dr o gr a p h  
o v er a p eri o d of 4 d a ys. 
Fl u m e  c as e  3: 1 6 0  m m  di a m et er  cir c ul ar  
pi er pl a c e d i n cl a y d e p osit a n d s u bj e ct e d t o 
a  c o nst a nt  v el o cit y  o v er  a  p eri o d  of  3 0  
d a ys.
Fl u m e  c as e  4:  1 6 0  m m  di a m et er  cir c ul ar  
pi er  pl a c e d  i n  a  i n  a  u nif or m cl a y  d e p osit  
a n d  s u bj e ct e d  t o  a  m ulti- v el o cit y  
h y dr o gr a p h o v er a p eri o d of 4 d a ys. 
Fl u m e  c as e  5:  1 6 0  m m  di a m et er  cir c ul ar  
pi er pl a c e d i n a s a n d o v er cl a y l a y er e d s oil 
a n d  s u bj e ct e d  t o  a  c o nst a nt  v el o cit y  fl o w  
o v er a p eri o d of 1 0 d a ys. 
Fl u m e  c as e  6:  1 6 0  m m  di a m et er  cir c ul ar  
pi er pl a c e d i n a cl a y o v er s a n d l a y er e d s oil 
a n d  s u bj e ct e d  t o  a  c o nst a nt  v el o cit y  fl o w  
o v er a p eri o d of 1 0 d a ys. 
B ri d g e Sit es P r e di cti o n 
D es c ri pti o n 
M a xi m u m d e pt h of s c o u r h ol e 
B ri d g e sit e c as e 7, 8- 3- 9 3 fl o o d 
B ri d g e sit e c as e 8, 5- 1- 9 1 fl o o d
B ri d g e sit e c as e 8, 5 0 y e a rs p r e di cti o n 
 
1 1 3 0
Att a c h m e nt I: Fl u m e T est P a r a m et e rs  
T est
N o. T est T y p e S oil T y p e S oil L a y er V el o cit y H y dr o gr a p h 
Ti m e
( d a y)
1 S a n d a n d c o nst a nt v el o cit y S a n d  V = 0. 3 5 m/s  1
2 S a n d a n d m ulti-v el o cit y S a n d
V 1 = 0. 3 5 m/s   
V 2 = 0. 2 5 m/s 4
3  Cl a y a n d c o nst a nt v el o cit y Cl a y  V = 0. 3 5 m/s  3 0
4 Cl a y a n d m ulti-v el o cit y Cl a y
V 1 = 0. 3 5 m/s   
















1 1 3 1
5
S a n d o v er cl a y 
a n d c o nst a nt 
v el o cit y
T o p:  s a n d
B ott o m:  cl a y  V = 0. 3 5 m/s  1 0
6
Cl a y o v er s a n d 
a n d c o nst a nt 
v el o cit y
T o p: cl a y 
B ott o m: s a n d  V = 0. 3 5 m/s  1 0
N ot e:
I n e a c h fl u m e t est, o n e cir c ul ar pi er will b e i nst all e d at t h e c e nt er of t h e fl u m e. T h e cir c ul ar pi er will b e a P V C pi p e wit h a n
o utsi d e di a m et er e q u al t o 1 6 0 m m. 
 T h e w at er d e pt h will b e m e as ur e d i n li n e wit h t h e pi er a n d 2 m et ers u pstr e a m of t h e pi er. F or all fl u m e t ests, t h e w at er d e pt h
will b e k e pt c o nst a nt a n d e q u al t o 3 7 5 m m. 
T h e fl o w v el o cit y, V, gi v e n i n t h e t a bl e is t h e d e pt h a v er a g e v el o cit y of t h e fl o w at a l o c ati o n i n li n e wit h t h e pi er a n d 2 m e t ers 
u pstr e a m of t h e pi er. 







d 1 = 8 0 m m
d 1 = 8 0 m m
 
1 1 3 2
Att a c h m e nt II: G e ot e c h ni c al S oil P r o p e rti es f o r Fl u m e P r e di cti o ns
P art I: P or c el ai n Cl a y f or Fl u m e T est Pr e di cti o ns 
T a bl e 1:  G e ot e c h ni c al Pr o p erti es of P or c el ai n Cl a y 
T est N o. Pr o p erti es V al u es
1  Li q ui d Li mit, % 3 3 % 
2  Pl asti c Li mit, % 1 7 % 
3  Pl asti c I n d e x ( PI), % 1 6 % 
4  S p e cifi c  Gr a vit y  2. 7  
5  W at er C o nt e nt, % 2 4. 2 % 
6  Mi ni- V a n e S h e ar Str e n gt h, K P a  2 3. 3 
T a bl e 2: H y dr o m et er T est of P or c el ai n Cl a y 
N o. D ( m m) P( %) 
1 0. 0 1 9 7 2 2  7 4. 6 5  
2 0. 0 1 4 9 7 9  7 0. 2 0  
3 0. 0 1 1 8 9 5  6 4. 4 8  
4 0. 0 0 8 5 6 5  5 9. 7 2  
5 0. 0 0 5 8 5 3  5 3. 0 5  
6  0. 0 0 4 5 4  5 2. 7 3  
7  0. 0 0 3 4 4 9  4 6. 0 6  
8  0. 0 0 2 3 4 6  4 0. 6 6  
9  0. 0 0 1 8 3 2  3 7. 1 6  
1 0  0. 0 0 1 5 8 3  3 4. 3 1  
1 1  0. 0 0 1 1 2 5  3 1. 7 6  
1 2  0. 0 0 0 9 2 5  2 8. 9 1  
1 3  0. 0 0 0 5 4   2 5. 7 3  
 
W h er e:
D: Di a m et er of p arti cl e 
P: P er c e nt a g e of s oil r e m ai ni n g i n s us p e nsi o n at t h e l e v el at w hi c h t h e h y dr o m et er 
m e as ur es t h e li q ui d d e nsit y. 
1 1 3 3
Fi g 1:  Gr ai n Si z e Distri b uti o n of P or c el ai n Cl a y b y H y dr o m et er T est 
P art II: M ort ar S a n d f or Fl u m e T est Pr e di cti o ns 
T a bl e 3: Si e v e A n al ysis of M ort ar S a n d 
Si e v e N o. Siz e of si e v e ( m m) P er c e nt P assi n g( %) 
1 0  2. 0 0   9 9. 6  
2 0  0. 8 5   9 7. 2  
4 0  0. 4 2 5   7 8. 0  
6 0  0. 2 5   3 5. 0  
1 0 0  0. 1 5   7. 0  
2 0 0  0. 0 7 5   0. 4  
G r ai n Si z e Di stri b uti o n
# 2 0 0










1 0 0 %
0. 0 0 0 10. 0 0 1 00. 0 1 0 00. 1 0 0 0






1 1 3 4
Fi g 2:  Gr ai n Si z e Distri b uti o n of M ort ar S a n d b y Si e v e A n al ysis 
N ot e:
A S T M st a n d ar d t est pr o c e d ur es w er e f oll o w e d t o d et er mi n e t h e s oil pr o p erti es of 
t h e p or c el ai n cl a y a n d m ort ar s a n d f or t h e fl u m e pr e di cti o ns. 
G r ai n Si z e Di st ri b uti o n
# 2 0 0











1 0 0 %
0. 0 1 0 00. 1 0 0 01. 0 0 0 01 0. 0 0 0 0






1 1 3 5
Att a c h m e nt III: E F A ( E r osi o n F u n cti o n A p p a r at us) T est R es ults f o r 
S oils f o r Fl u m e P r e di cti o ns 
(htt p ://tti.t a m u. e d u/ g e ot e c h/s c ou r)
P art I: P or c el ai n Cl a y f or Fl u m e T est Pr e di cti o ns 




1 0. 0 0
1 0 0. 0 0
0. 0 0. 5 1. 0 1. 5 2. 0 2. 5 3. 0








Cl a y, T a p W at e r, T e m p e r at u r e: 2 5 0 C
V el o cit y S c o ur R at e S h e ar Str ess 
( m/ s) ( m m/ hr) ( N/ m2 )
0. 3 5 1  0. 2 0   0. 4 0 3  
0. 4 5 1  0. 8 9   0. 6 2 4  
0. 4 5 9  1. 1 1   0. 6 4 4  
0. 5 4 2  2. 3 2   0. 8 6 1  
0. 6 8 1  2. 7 6   1. 2 8 6  
0. 6 9 2  2. 8 2   1. 3 2 2  
1. 0 1 8  5. 6 5   2. 5 9 6  
1. 4 2 6  8. 5 0   4. 6 8 4  
2. 0 8  1 8. 3 1   9. 6 9  
2. 7 4  3 9. 9 0   1 6. 0 1  
 
1 1 3 6




1 0. 0 0
1 0 0. 0 0
0. 0 5. 0 1 0. 0 1 5. 0 2 0. 0








Cl a y, T a p W at e r, T e m p e r at u r e: 2 5 0 C
N ot e:
A s u m m ar y d es cri pti o n of t h e E F A c a n b e f o u n d at t h e f oll o wi n g w e bsit e: 
htt p://tti .t am u. e d u/ g e ot e c h/s c o ur
S c o ur R at e:  V erti c al l e n gt h of s oil er o d e d b y fl o wi n g w at er p er u nit ti m e 
V el o cit y: A v er a g e  v el o cit y  of  t h e  w at er  fl o wi n g  o v er  t h e  s oil  s a m pl e  i n  t h e  
r e ct a n g ul ar pi p e ( 5 0. 8 m m  1 0 1. 6 m m)
S h e ar  Str ess:  
 
S h e ar  str ess  at  s oil- w at er  i nt erf a c e  c orr es p o n di n g  t o  t h e  w at er  
v el o cit y; t h e s h e ar str ess is c al c ul at e d b y usi n g M o o d y C h art. 
1 1 3 7
P art II: M ort ar S a n d Fl u m e T est Pr e di cti o ns 
V el o cit y S c o ur R at e S h e ar Str ess 
( m/ s) ( m m/ hr) ( N/ m2 )
0. 1 4 6  0   0. 0 8 7  
0. 1 7 7  0. 0 5   0. 1 2 1  
0. 1 8 9  0. 1 9   0. 1 3 6  
0. 2 0 4  0. 7 9   0. 1 5 6  
0. 2 4 4  4. 7 9   0. 2 1 3  
0. 3 8 7  4 8 6. 4 9   0. 4 7 9  
0. 6 5 9  2 2 0 0   1. 2 1  
0. 7 4 0  3 0 0 0   1. 4 9  




1 0. 0 0
1 0 0. 0 0
1 0 0 0. 0 0
1 0 0 0 0. 0 0
0. 0 0. 2 0. 4 0. 6 0. 8 1. 0









S a n d, T a p W at e r, T e m p e r at u r e: 
1 1 3 8




1 0. 0 0
1 0 0. 0 0
1 0 0 0. 0 0
1 0 0 0 0. 0 0
0. 0 0. 5 1. 0 1. 5 2. 0








S a n d, T a p W at e r, T e m p e r at u r e: 
N ot e:
A s u m m ar y d es cri pti o n of t h e E F A c a n b e f o u n d at t h e f oll o wi n g w e bsit e: 
htt p://tti .t am u. e d u/ g e ot e c h/s c o ur
S c o ur R at e:  V erti c al l e n gt h of s oil er o d e d b y fl o wi n g w at er p er u nit ti m e 
V el o cit y: A v er a g e  v el o cit y  of  t h e  w at er  fl o wi n g  o v er  t h e  s oil  s a m pl e  i n  t h e  
r e ct a n g ul ar pi p e ( 5 0. 8 m m  1 0 1. 6 m m)
S h e ar  Str ess:  
 
S h e ar  str ess  at  s oil- w at er  i nt erf a c e  c orr es p o n di n g  t o  t h e  w at er  
v el o cit y; t h e s h e ar str ess is c al c ul at e d b y usi n g M o o d y C h art. 
1 1 3 9
Att a c h m e nt I V: e x a m pl e f o r m at f o r t h e p r e di cti o n r es p o ns e. 
D o u bl e cli c k o n t h e i c o n 
Att a c h m e nt V: B ri d g e Sit es P r e di cti o n: B ri d g e C as e 7 
D o u bl e cli c k o n t h e i c o n 
" Bri d g e C a s e 7. d o c "
Att a c h m e nt VI: B ri d g e Sit es P r e di cti o n: B ri d g e C as e 8 
D o u bl e cli c k o n t h e i c o n 
" Bri d g e C a s e 8. d o c "
 
1 1 4 0
Att a c h m e nt V: B ri d g e C as e 7 
Pi e r S c o u r P r e di cti o n f o r Mississi p pi Ri v e r B ri d g e 
R e q u est:
P r e di ct  pi e r  s c o u r  at  pi e r  1 1  f o r  t h e  8/ 3/ 9 3  fl o o d  e v e nt.  D es cri b e  t h e  pr e di cti o n  
m et h o d ol o g y us e d. S p e cif y a d diti o n al d at a y o u w o ul d r e q uir e t o m a k e a m or e a c c ur at e 
esti m at e. Gi v e y o ur b est esti m at e of t h e c ost f or o bt ai ni n g t h e a d diti o n al d at a. 
Sit e D es c ri pti o n :
T h e U S G S h as o p er at e d a dis c h ar g e g a gi n g st ati o n at t his sit e si n c e 1 9 4 2 a n d ri v er st a g e 
r e c or ds h a v e b e e n r e c or d e d at t his sit e si n c e 1 8 9 1. T h e d at u m of t h e g a g e is 1 0 3. 9 5 m 
a b o v e N G V D 1 9 2 9 d at u m ( M S L). P eri o di c b e d- m at eri al s a m pl es a n d d ail y s us p e n d e d-
s e di m e nt  s a m pl es  w er e  o bt ai n e d  at  t h e  g a g e  d uri n g  t h e  fl o o d.  T h e  Mi ssissi p pi  Ri v er  
dr ai n a g e ar e a at t his sit e is 1, 8 3 5, 2 6 6 s q. k m. T h e Mississi p pi Ri v er fl o ws at t h e e ast er n 
e d g e of its fl o o d pl ai n i n t h e st u d y r e a c h. T h e b a n k at t his si d e ris es st e e pl y at sl o p es of 
0. 1 t o 0. 7 m/ m fr o m t h e m ai n c h a n n el t o a b o ut 8 5. 3 4 m a b o v e n or m al ri v er l e v els. T h e 
m ai n c h a n n el is f airl y str ai g ht i n t h e st u d y r e a c h. T h er e is a gr a d u al b e n d t o t h e l eft a b o ut 
4 0 2 3. 3 6 m u pstr e a m, a v er y gr a d u al b e d t o t h e ri g ht at t h e bri d g e, a n d a gr a d u al b e n d l eft 
a b o ut 2 mil es d o w nstr e a m. T h e m ai n c h a n n el is a b o ut 5 1 8. 1 6 m wi d e at t h e bri d g e a n d 
a v er a g es a b o ut 6 7 0. 5 6 m wi d e o v er a 6 4 3 7. 3 8- m et er r e a c h c e nt er e d at t h e bri d g e. T h e 
a n n u al a v er a g e d ail y dis c h ar g e at t his sit e is 5 6 2 6. 5 6 m 3 .
St r e a m D at a 
D r ai n a g e A r e a (s q m): 1 8 3 5 2 6 5
Sl o p e i n Vi ci nit y ( m/ m): 0. 0 0 0 3
Fl o w I m p a ct:  Str ai g ht 
C h a n n el E v ol uti o n:  U n k n o w n 
A r m o ri n g:  N o n e 
V all e y S etti n g:  M o d er at e 
Fl o o d pl ai n Wi dt h:  Wi d e 
N at u r al L e v e es:  U n k n o w n 
Si n u osit y:  Si n u o us 
B r ai di n g:  N o n e 
St r e a m Wi dt h V a ri a bilit y: E q ui wi dt h
D e b ris F r e q u e n c y:  R ar e 
D e b ris Eff e ct:  N o n e 
St r e a m Si z e:  Wi d e 
Fl o w H a bit:  P er e n ni al 
B e d M at e ri al:  S a n d 
A p p a r e nt I n cisi o n:  N o n e 
C h a n n el B o u n d a r y:  All u vi al 
B a n ks T r e e C o v e r:  L o w 
A n a b r a n c hi n g:  N o n e 
B a rs:
 
 N arr o w 
1 1 4 1
Fl o w D at a 
S e e t h e att a c h e d E x c el fil e “ Bri d g e c as e 7 H y dr o gr a p h. xls ” f or t h e d ail y fl o w h y dr o gr a p h 
f or t h e 1 9 9 3 fl o o d y e ar f or t his sit e. 
D o u bl e cli c k o n t h e i c o n 
Bri d g e C a s e 7 H y dr o gr
a p h. xl s
Mis sis si p pi Ri v e r H y d r o g r a p h
0
5 0 0 0
1 0 0 0 0
1 5 0 0 0
2 0 0 0 0
2 5 0 0 0
3 0 0 0 0
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2







B ri d g e D at a
 
L e n gt h ( m): 8 6 1. 3 6 
Wi dt h ( m): 6. 7 1 
N u m b er of S p a ns: 1 3 
V erti c al C o nfi g ur ati o n: C ur vili n e ar 
1 1 4 2
Fl o w a n d B e d El e v ati o ns 
R ef er e n c e B e d i n 
Vi ci nit y of Pi er 1 1 B e d M at eri al a p pr o a c hi n g pi er 
D at e Q( m3 /s)
W. S.
El e v ati o n
( m) D e pt h( m) 
B e d
El e v ati o n
( m) 
D 8 4





8/ 3/ 9 3  2 6 5 6 1. 2   1 1 8. 4 3   2 2. 5 2   9 5. 8 9   s a n d  4. 1  1. 0 8  0. 6 5  
8/ 1 2/ 9 3  2 4 5 2 2. 4   1 1 7. 7 7   2 2. 3 7   9 5. 4 0   s a n d   4. 1  1. 0 8  0. 6 5  
9/ 1 3/ 9 3  1 3 5 9 2. 1   1 1 3. 6 1   1 6. 7 0   9 6. 9 1   s a n d   4. 1  1. 0 8  0. 6 5  
Pi e r S c o u r at Pi e r 1 1 
D at e
A p pr o a c h fl o w 
d e pt h
( m) 
A p pr o a c h a v er a g e 
v el o cit y ( m/s) 
S k e w
a n gl e
( )
S e di m e nt 
Tr a ns p ort D e bris
B e d
F or m 
8/ 3/ 9 3  2 2. 5 2   2. 4 2 9   4  Li v e  b e d  I nsi g nifi c a nt  U n k n o w n  
8/ 1 2/ 9 3  2 2. 3 7   2. 0 0 0   4  Li v e  b e d  I nsi g nifi c a nt  D u n e  
9/ 1 3/ 9 3  1 6. 7 0   1. 8 3 8   1 1  Li v e  b e d  I nsi g nifi c a nt  D u n e  
D es c ri pti o n of Pi e r 1 1   
 
Pi er 1 1 h as a r e ct a n g ul ar c aiss o n f o oti n g 1 6. 0 0 m l o n g b y 7. 3 2 m wi d e wit h its b as e at 
el e v ati o n 7 8. 0 3 m a n d e xt e n di n g u p t o el e v ati o n 9 9. 0 6 m. Fr o m t h e t o p of t h e c aiss o n a 
s oli d, r o u n d n os e d s e cti o n 1 4. 7 8 m l o n g b y 5. 4 9 m wi d e ris es t o el e v ati o n 1 0 9. 7 3 m. T h e 
n os e  of  t h e  pi er  is  cir c ul ar  wit h  a  2. 7 4  m  r a di us.  T w o  t a p er e d  c ol u m ns  e xt e n d  fr o m  
el e v ati o n 1 0 9. 7 3 m t o t h e bri d g e d e c k ( el e v ati o n 1 3 4. 1 4 m). T h e c ol u m n s ar e c o n n e ct e d 
b y a c o nti n u o us, 1. 0 7 m wi d e w e b fr o m el e v ati o n 1 0 9. 7 3 m t o 1 1 6. 5 9 m. T h e c ol u m ns 
ar e t a p er e d a n d m e as ur e 4. 5 7 2 m wi d e at t h eir b as e ( el e v ati o n 1 0 9. 7 3 m), a n d 3. 3 5 m f e et 
wi d e at el e v ati o n 1 2 2. 8 3 m. T h e c ol u m ns h a v e a st e p p e d, s q u ar e f a c e. S e e s k et c h b el o w. 
1 1 4 3
8/ 3   = + 1 1 8. 4 3 m 
8/ 1 2 = + 1 1 7. 7 7 m 
9/ 1 3 = + 1 1 3. 6 1 m 
8/ 3   = + 9 5. 8 9 m 
8/ 1 2 = + 9 5. 4 0 m 
9/ 1 3 = + 9 6. 9 1 m 
 
5. 4 9 m
1 1 4 4
Att a c h m e nt VI: B ri d g e C as e 8 
 Pi e r S c o u r P r e di cti o n f o r P e a rl Ri v e r B ri d g e 
R e q u est:
P r e di ct t h e pi e r s c o u r d e pt h at pi e r 1 7 L d u e t o t h e 5/ 1/ 9 1 fl o o d e v e nt . D es cri b e t h e 
pr e di cti o n m et h o d ol o g y us e d. P r e di ct t h e pi e r s c o u r d e pt h t h at w o ul d b e e x p e ct e d at 
pi e r 1 7 L o v e r t h e n e xt 5 0 y e a rs.  Ass u m e t h e r e will b e at l e ast o n e 5 0 0- y e a r fl o o d 
d u ri n g t h at p e ri o d.  D es cri b e t h e pr e di cti o n m et h o d ol o g y us e d. S p e cif y a d diti o n al d at a 
y o u w o ul d r e q uir e t o m a k e a m or e a c c ur at e esti m at e. Gi v e y o ur b est esti m ati o n of t h e 
c ost f or o bt ai ni n g t h e a d diti o n al d at a. 
Sit e D es c ri pti o n: 
T his is a 3 6 0- m et ers -l o n g bri d g e. T h e bri d g e h as a s p a n arr a n g e m e nt of 1 5 s p a ns at 1 2. 2 
m, 1 s p a n at 2 7. 4 m, 1 s p a n at 3 6. 6 m, 1 s p a n at 2 7. 4 m, a n d 7 s p a ns at 1 2. 2 m fr o m ri g ht 
t o l eft ( w est t o e ast). T h e 1 2. 2- m s p a ns ar e s u p p ort e d b y si n gl e- pil e b e nts ( 2 L- 1 5 L a n d 
2 0 L- 2 5 L), t h e 2 7. 4- m s p a ns ar e s u p p ort e d b y a d o u bl e- pil e b e nt ( 1 6 L & 1 9 L) a n d a m ai n 
pi er ( 1 7 L & 1 8 L), a n d t h e 3 6. 6- m s p a n is s u p p ort e d b y t w o m ai n pi ers ( 1 7 L & 1 8 L). T h e 
m ai n pi ers c o nsist of t w o 3 1. 1- m- di a m et er c ol u m ns o n a pil e-s u p p ort e d f o oti n g. T h e pil e 
b e nts c o nsist of 0. 4 1 x 0. 4 1- m pil es. A 2 2. 9- m-l o n g s p ur di k e is l o c at e d at t h e ri g ht ( w est) 
a b ut m e nt, a n d a 4 5. 7- m-l o n g s p ur di k e is l o c at e d at t h e l eft ( e ast) a b ut m e nt. S c o ur d at a 
w er e  c oll e ct e d  d uri n g  hi g h  a n d  l o w  fl o ws  usi n g  a  f at h o m et er.  T h e  fl o w  v el o citi es  
a p pr o a c hi n g t h e bri d g e pi ers w er e d et er mi n e d fr o m v el o cit y s o u n di n gs d uri n g dis c h ar g e 
m e as ur e m e nts o bt ai n e d at t h e u pstr e a m si d e of t h e bri d g e. Gr o u n d- p e n etr ati n g r a d ar w as 
als o us e d at t h e sit e i n J ul y 1 9 9 2 t o d et e ct i nfilli n g of s c o ur h ol es. 
St r e a m D at a
D r ai n a g e A r e a ( m 2 ): 9 8 6 0 1 2 8 4 4 7    D e b ris F r e q u e n c y: O c c asi o n al
Sl o p e i n Vi ci nit y ( m/ m): 0. 0 0 0 1 9 D e b ris Eff e ct: L o c al
Fl o w I m p a ct: Ri g ht     St r e a m Si z e: M e di u m 
C h a n n el E v ol uti o n: Pr e- m o difi e d   Fl o w H a bit: P er e n ni al
A r m o ri n g: N o n e     B e d M at e ri al: S a n d
V all e y S etti n g: M o d er at e     A p p a r e nt I n cisi o n: N o n e
Fl o o d pl ai n Wi dt h: Wi d e     C h a n n el B o u n d a r y: All u vi al
N at u r al L e v e es: B ot h    B a n ks T r e e C o v e r: L o w
Si n u osit y: M e a n d eri n g     A n a b r a n c hi n g: N o n e   
B r ai di n g: N o n e     B a rs: N arr o w
St r e a m Wi dt h V a ri a bilit y: 
 
Wi d er 
1 1 4 5
Fl o w D at a 
S e e t h e att a c h e d E x c el fil e ” Bri d g e C as e 8 H y dr o gr a p h. xls ” f or t h e d ail y fl o w h y dr o gr a p h 
f or t his sit e.
D o u bl e cli c k o n t h e i c o n 
Bri d g e C a s e 8 H y dr o gr
a p h. xl s
P e a rl Ri v e r H y d r o g r a p h
0
5 0 0
1 0 0 0
1 5 0 0
2 0 0 0
2 5 0 0
3 0 0 0
3 5 0 0
4 0 0 0
1 9 6 6 1 9 7 1 1 9 7 6 1 9 8 1 1 9 8 6 1 9 9 1 1 9 9 6







B ri d g e D at a
L e n gt h ( m): 3 6 0
Wi dt h ( m): 9. 8
L o w C h o r d El e v ati o n ( m): 8 6
U p p e r C h o r d El e v ati o n ( m): 8 7
O v e rt o p pi n g El e v ati o n ( m): 8 6. 5
S k e w ( d e g r e es): 2 5
G ui d e B a n ks: Elli pti c al 
Pl a ns o n Fil e: Y es
P a r all el B ri d g es Y es
C o nti n u o us A b ut m e nt: N o
Dist a n c e B et w e e n C e nt e rli n es: 8 8
U pst r e a m/ D o w nst r e a m: U pstr e a m
N u m b e r of S p a ns: 2 1 N u m b er of s p a ns 
is a ct u all y 2 5. 
V e rti c al C o nfi g u r ati o n: C ur vili n e ar
A v e r a g e D ail y T r affi c: 1 6 4 4 0
Y e a r B uilt: 1 9 6 6
W at e r w a y Cl assifi c ati o n: M ai n
Dist a n c e B et w e e n Pi e r F a c es: 
 
5 9
1 1 4 6
M a n ni n g's n V al u es 
Ri g ht O v e r b a n k: 0. 1 6
M ai n C h a n n el: 0. 0 3 8
L eft O v e r b a n k: 0. 1 2
B e d S a m pl es 
O n  A pril  2 8,  1 9 9 3,  b e d  s a m pl es  w er e  c oll e ct e d  fr o m  t h e  m ai n  c h a n n el  at  s el e ct e d  
i nt er v als  al o n g  t hr e e  c h a n n el  cr oss  s e cti o ns.  I n di vi d u al  s a m pl es  wit h  si mil ar  
c h ar a ct eristi cs w er e c o m bi n e d f or gr a d ati o n a n al ys es. T h e f oll o wi n g is a bri ef d es cri pti o n 
of t h e b e d s a m pl es c oll e ct e d ( gr ai n si z es a n d s p e cifi c gr a vit y): 
S a m pl e  D 9 5 D 8 4  D5 0  D1 6  S G  Cr ossS e cti o n C o m m e nt 
1  2. 9  1. 2  0. 5 4  0. 3 6  2. 6 5  1  B e d at a b o ut mi d-s p a n b et w e e n b e nts 1 6- 1 7 L. 
2  1. 3  0. 9  0. 3 9  0. 2 6  2. 6 5  1  B e d i n vi ci nit y of m ai n pi ers 1 7- 1 8 L. 
3  9. 5  5. 5  0. 3 9  0. 2 6  2. 6 5  2  Mi d- c h a n n el 
4  1. 7  1. 3  0. 6 4  0. 3 5  2. 6 5  2  L eft p art c h a n n el 
5  1. 0  0. 4  0. 2 9  0. 1 8  2. 6 5  3  Mi d-t o-l eft p art of c h a n n el 
N ot e: T h e s a m pl es ar e n o n- c o h esi v e s oil.  
T h e ri g ht p art of t h e c h a n n el b e d at cr oss s e cti o ns 2 & 3 s e e m e d t o b e m ostl y silt y cl a y. 
B e d s a m pl e N o. 1 w as us e d f or b e nts 1 5- 1 6 L a n d s a m pl e N o. 2 w as us e d f or m ai n pi ers 
1 7- 1 8 L. F or pil e b e nts 1 2- 1 4 L, t h e m at eri al is cl a y wit h c o h esi o n of a b o ut 1 1. 5 K p a a n d 
a n a n gl e of i nt er n al fri cti o n of a b o ut 2 7 d e gr e es, as d et er mi n e d fr o m s h e ar-str e n gt h t ests.  
S oil B o ri n g I nf o r m ati o n
T h e f oll o wi n g i nf or m ati o n w as f or s h e ar str e n gt h p ar a m et ers of t h e s oils n e ar Pi er 1 7 L.  
Z o n e
U n dr ai n e d S h e ar 
Str ess ( K p a) 
Fri cti o n A n gl e 
( D e gr e e) C o m m e nt 
1( s a n d) 0  3 6    
2 A 1 1 9. 7  0  O nl y o n e u n c o nfi n e d c o m pr essi o n t est. 
2 A (s a n d l a y er) 0  3 7  
2 B(s a n d) 0  3 7  
2 C 4 7. 9 ~ 1 4 3. 6  0  
2 D Pr o b a bl y > 7 1. 8   0 O nl y o n e u n c o nfi n e d c o m pr essi o n t est. 
 
1 1 4 7
Fl o o d F r e q u e n c y/fl o w d e pt hs/ v el o citi es/s h e a r st r ess es 
T h e a b o v e i nf or m ati o n is pr o vi d e d as a n E x c el fil e; s e e: “ Bri d g e C as e 8 Fl o o d A n al ysis. xls ” 
D o u bl e cli c k o n t h e i c o n 
Bri d g e C a s e 8 Fl o o d A n
al y si s. xl s
F or d et ails of t h e fl o o d a n al ysis i nf or m ati o n, pl e as e s e e t h e t a bl e ri g ht aft er t h e fi g ur e of 
Pi er 1 7 L. 
D es c ri pti o n of Pi e r 1 7 L 
 
Pi er 1 7 L h as t w o 1. 0 7- m- di a m et er c o n cr et e c ol u m ns s p a c e d 5. 2 m a p art. C ol u m ns h a v e 
3. 4- m- wi d e  b y  3. 0 5- m-l o n g  b y  1. 4- m- d e e p  c o n cr et e  f o oti n gs  ( wit h  1. 0 7-ft- wi d e  
c o n n e cti n g w e bs) s u p p ort e d b y ei g ht 0. 4 6- m c o n cr et e pil es. T h er e ar e t hr e e pil es at t h e 
u pstr e a m si d e of t h e f o oti n g, t w o i n mi d dl e, a n d t hr e e at t h e d o w nstr e a m si d e. B ott o m of 
f o oti n g el e v ati o n is 6 5. 6 m; pil e ti p el e v ati o n is 6 5. 5 m.  S e e s k et c h b el o w. 
1 1 4 8
 1 1 4 9
T h e f oll o wi n g w as b as e d o n W S P R O c o m p ut ati o ns a n d fi el d d at a at P e a rl Ri v e r
                
                     A p pr o a c h Fl o w at u pstr e a m si d e      C h a n n el- b e d s h e ar str ess   A v er a g e Str e a m P o w er 
              of Pi er 1 7 L at st ati o n 1 0 2 + 3 1       at u pstr e a m si d e of Pi er   A p pr o a c hi n g Pi er 1 7 L 
   Qt ot al  Q m c  St a g e  Hf  L a v e  Sf  V el o cit y  D e pt h        1 7 L at st ati o n 1 0 2 + 3 1  V el o cit y * Str ess 
   ( m3 /s)  ( m3 /s)  ( m)  ( m)  ( m)  ( m/ m)  ( m/s)  ( m)                
Fl o o d Fr e q u e n c y 2- t o 5 0 0- y e ar Dis c h ar g es:                                ( P a)               ( P a * m/s) 
2- yr  7 5 8. 9  7 3 6. 2  8 2. 0  0. 0 4 3 8 7. 4  0. 0 0 0 0 9 4 4  0. 9  5. 7       1. 6 0    1. 4 1    
5- yr  1 2 4 0. 3  1 1 5 2. 5  8 3. 4  0. 0 4 3 8 7. 7  0. 0 0 0 1 0 2 2  1. 1  6. 9       2. 1 1    2. 2 5    
1 0- yr  1 6 0 8. 4  1 4 6 4. 0  8 4. 2  0. 0 4 3 9 5. 0  0. 0 0 0 1 0 8 0  1. 2  7. 6       2. 4 6    2. 9 2     
2 5- yr  2 1 2 3. 8  1 8 8 5. 9  8 4. 9  0. 0 5 4 0 9. 7  0. 0 0 0 1 1 9 0  1. 4  8. 4       2. 9 7    4. 1 6     
5 0- yr  2 5 4 8. 5  2 2 2 8. 5  8 5. 5  0. 0 5 4 1 8. 5  0. 0 0 0 1 2 3 8  1. 5  8. 9       3. 2 8    5. 0 0     
1 0 0- yr  3 0 0 1. 6  2 5 8 5. 3  8 5. 9  0. 0 6 4 4 0. 1  0. 0 0 0 1 3 1 6  1. 7   9. 2       3. 6 3    6. 0 9     
5 0 0- yr  4 1 9 0. 9  3 0 2 9. 9  8 6. 9  0. 1 2 4 7 5. 5  0. 0 0 0 2 4 3 6  1. 9   9. 6       6. 9 7    1 3. 1 6     
T w o of t h e l ar g est k n o w n fl o o ds:                  I n B S D M S & W RI R- 9 4- 4 2 4 1  0. 0 0        
4/ 1 7/ 1 9 7 9  3 7 6 6. 2   3 0 8 6. 6   8 6. 6   0. 1 1 4 6 9. 4   0. 0 0 0 2 4 0 3   1. 9   9. 6  M e as ur e d a p p. fl o w u pstr e a m  6. 8 7   1 3. 1 9    
5/ 2 5/ 1 9 8 3  2 2 5 1. 2   1 9 8 7. 9   8 5. 0   0. 0 5 4 1 0. 6   0. 0 0 0 1 2 6 2   1. 5   8. 4  of Pi er 1 7 L at st ati o n 1 0 2 + 3 1  3. 1 6   4. 6 2    
Fl o o d m e as ur e m e nts w h e n s c o ur d at a w er e 
c oll e ct e d: 0. 0 0. 0 V el o cit y D e pt h   0. 0 0        
5/ 1/ 1 9 9 1 1 4 1 0. 2 1 3 3 0. 9 8 3. 4 0. 0 5 3 8 8. 0 0. 0 0 0 1 3 3 5 1. 2 6. 9 1. 1 6. 5   2. 7 7   3. 3 8    
2/ 2 5/ 1 9 9 1 1 0 4 2. 1 9 8 5. 4 8 2. 7 0. 0 4 3 8 7. 4 0. 0 0 0 1 1 0 1 1. 0 6. 3 1. 0 6. 7   2. 0 9   2. 1 6    
1/ 3 1/ 1 9 9 0 6 3 7. 1 6 2 8. 6 8 1. 4 0. 0 4 3 8 7. 1 0. 0 0 0 1 1 0 2 0. 9 5. 1 0. 9 5. 3   1. 6 9   1. 4 4    
                    0. 0 0        
Esti m at es Usi n g 1 9 7 9 Bri d g e S e cti o n f or 
C o m p aris o n:                       0. 0 0         
4/ 1 7/ 1 9 7 9  3 7 6 6. 2  3 1 4 3. 2  8 6. 6  0. 1 2 4 6 9. 3 9 2 0. 0 0 0 2 5 9 7 2. 4 1 2. 4         9. 6 5    2 3. 5 3    
                        
 
T h e 1 9 7 9 bri d g e s e cti o n w as us e d t o s h o w t h e diff er e n c es i n t h e c o m p ut ati o ns of t h e 1 9 7 9 fl o o d b as e d o n t w o diff er e nt s e cti o ns.         
I n 1 9 7 9, t h e c h a n n el at t h e bri d g e w as m u c h d e e p er at Pi er 1 7 L. T h e ri v er c h a n n el h as mi gr at e d w est w ar d t hr o u g h t h e y e ars. O n e c h a n n el s e cti o n c a n n ot a c c ur at el y r e pr es e nt t h e 
hist ori c al a p pr o a c h v el o citi es, d e pt hs, s h e ar str ess es, a n d str e a m p o w er i n t h e vi ci nit y of Pi er 1 7 L, d u e m ostl y t o t h e l at er al m o v e m e nt of t h e c h a n n el s e cti o n t hr o u g h ti m e. 
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